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ARTICLE INFO ABSTRACT 


Human coronavirus NL63 (HCoV-NL63), one of the main circulating HCoVs worldwide, causes respiratory tract 
illnesses like runny nose, cough, bronchiolitis and pneumonia. Recently, a severe respiratory illness outbreak of 
HCoV-NL63 has been reported in a long-term care facility. Sambucus FormosanaNakai, a species of elderberry, is a 
traditional medicinal herb with anti-inflammatory and antiviral potential. The study investigated the antiviral 
activity of Sambucus FormosanaNakai stem ethanol extract and some phenolic acid constituents against HCoV- 
NL63. The extract was less cytotoxic and concentration-dependently increased anti-HCoV-NL63 activities, in- 
cluding cytopathicity, sub-G1 fraction, virus yield (C50 = 1.17 ug/ml), plaque formation (IC50 = 4.67 ug/ml) 
and virus attachment (IC50 = 15.75 ug/ml). Among the phenolic acid constituents in Sambucus FormosanaNakai 
extract, caffeic acid, chlorogenic acid and gallic acid sustained the anti-HCoV-NL63 activity that was ranked in 
the following order of virus yield reduction: caffeic acid (ICs) = 3.54uM) > chlorogenic acid 
(ICs59 = 43.45 uM) > coumaric acid (ICs59 = 71.48 uM). Caffeic acid significantly inhibited the replication of 
HCoV-NL63 in a cell-type independent manner, and specifically blocked virus attachment (ICs, = 8.1 uM). 
Therefore, the results revealed that Sambucus Formosana Nakai stem ethanol extract displayed the strong anti- 
HCoV-NL63 potential; caffeic acid could be the vital component with anti-HCoV-NL63 activity. The finding 
could be helpful for developing antivirals against HCoV-NL63. 
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1. Introduction into nonstructural proteins (nsps) that modulate in viral RNA replica- 


tion. Among common human coronaviruses like HCoV-229E, HCoV- 


Human coronavirus (HCoV) NL63, the member of the genus alpha- 
coronavirus in the Coronaviridae family, is one of common human cor- 
onaviruses (Li and Lin, 2013; Huang et al., 2017). HCoV-NL63 genome 
is a positive-strand RNA with near 27.5 kb nucleotides containing 5’ 
untranslated regions (UTR), ORFla/b, spike(S), ORF3, envelope(E), 
membrane(M), nucleoprotein (N), and 3’UTR (Geng et al., 2012). 
ORF1a/b encodes overlapping replicase 1a and lab via the —1 ribo- 
somal frameshift at the nucleotide 12,424. The papain-like (PLpro) and 
3C-like (3CLpro) proteases embedded within replicase la and lab 
process cis- and trans-cleavage activity to divide replicase 1a and lab 


HKU1, and HCoV-OC43, HCoV-NL63 is one of main circulating HCoVs 
in the fall and winter worldwide, causing mild upper respiratory tract 
illnesses like runny nose, cough and sore throat in young children, 
young adults and elderly (Cui et al., 2011; Dijkman et al., 2012). In- 
terestingly, HCoV-NL63has been frequently detected than other 
HCoVs, influenza viruses, and rhinovirus in the specimens from the 
young adults with acute respiratory infection (cough and body aches or 
chills or fever/feverishness) (Davis et al., 2018). Importantly, HCoV- 
NL63 is also associated with lower respiratory tract illnesses, such as 
pneumonia and bronchiolitis in young children and elderly (Huang 
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et al., 2017). HCoV-NL63 infection is the high prevalence (8.4%) in 
hospitalized patients with pneumonia in winter. Recently, a severe re- 
spiratory illness outbreak in a long-term care facility in Louisiana has 
been reported to be associated with the HCoV-NL63 infection in winter 
2017 (Hand et al., 2018). Among 20 cases aged from 66 to 96, 6 pa- 
tients with pneumonia have to be hospitalized and 3 patients are dead. 
Moreover, screening children with acute undifferentiated febrile illness 
in rural Haiti indicates that HCoV-NL63 is identified in the blood 
samples from four patients aged from 3 to 10 years who have no re- 
spiratory symptom, but two cases have headache and the others exhibit 
influenza virus causing abdominal symptoms (Beau De Rochars et al., 
2017). Therefore, HCoV-NL63 is the notable pathogen as the etiology of 
mild and severe respiratory diseases, even acute undifferentiated febrile 
illness. 

Sambucus FormosanaNakai, also known by Sambucus chinensis Lindl 
and Sambucus javanica, is a species of elderberry, belongs to family 
Adoxaceae, and grows in subtropical and tropical Asian areas, including 
Taiwan, China, Japan, Cambodia, India etc. (Lin and Tome, 1988; Yang 
and Chiu, 1998; Hong et al., 2013). Sambucus FormosanaNakai is a 
traditional medicinal herb in Taiwan for reducing inflammation, en- 
hancing circulation, and treating rheumatoid and low back pain, 
neuritis, dermatitis, and infection diseases (Yang and Chiu, 1998). The 
chemical components of S.ambucus FormosanaNakai include sambuculin 
A, oleanolic acid, a-amyrin and $-amyrin, #-sitosterol, ursolic acid, 
pomolic acid, lupeol palmitate, glycyrrhetic acid, phenolic acid con- 
stituents, and flavonoids (Chen et al., 2001, 2019; Liao et al., 2006; Lin 
and Tome, 1988; Yang and Lin, 2004; Zhang et al., 2010). In addition, 
phenolic acid constituents of S.ambucus FormosanaNakai, including 
caffeic acid, caffeotannic acid, chlorogenic acid, coumaric acid, ferulic 
acid, and gallic acid, have been identified as the members of the most 
important active components with anti-inflammatory, anti-tumor and 
anti-hepatotoxic activities (Chen et al., 2001; Liao et al., 2006; Yang 
and Lin, 2004; Zhang et al., 2010). Active components of Sambucus 
FormosanaNakai are similar to those of other Sambucus species, in- 
cluding Sambucus nigra L. and Sambucus lanceolata, which process an- 
tioxidant, antiradical, antiviral, antimicrobial, and anti-inflammatory 
activities (Barak et al., 2001; Krawitz et al., 2011; Mandrone et al., 
2014; Pinto et al., 2017; Pliszka, 2017; Porter and Bode, 2017; Turek 
and Cisowski, 2007). Especially, the extract of Sambucus nigra L. exerts 
the antiviral activity against influenza A and B viruses, human im- 
munodeficiency virus, and the herpes simplex virus type 1 (Krawitz 
et al., 2011; Serkedjieva et al., 1990; Zakay-Rones et al., 1995; Amoros 
et al., 1992; Mahmood et al., 1993; Roschek et al., 2009). Sambucus 
nigraphenolic acids like caffeic acid show the highly inhibitory effect on 
the in vitro replication of influenza A virus (Porter and Bode, 2017; 
Utsunomiya et al., 2014). Since Sambucus FormosanaNakai contains 
such antiviral active components in the extract of Sambucus nigra L., the 
antiviral activity of Sambucus FormosanaNakai is worthy to further in- 
vestigate. 

The study explored the anti-HCoV-NL63 activity of Sambucus 
FormosanaNakai stem ethanol extract and some markers of its phenolic 
acid constituents, like caffeic acid, chlorogenic acid, coumaric acid, 
ferulic acid, gallic acid. The study indicated the inhibitory activity of 
Sambucus FormosanaNakai extract and its phenolic acid constituents on 
HCoV-NL63 induced cytopathic effect, virus yield, and the early stage 
of HCoV-NL63 replication in concentration-dependent and cell-type 
independent manners. 


2. Materials and methods 
2.1. Viruses and cells 

HCoV-NL63 provided by Dr. Lia van der Hoek (Academic Medical 
Center, The Netherlands) was amplified in LLC-MK2 cells, as described 


in our prior study (Huang et al., 2017). LLC-MK2 cells were cultured in 
the Minimum Essential Medium (MEM) containing 2mM L-Glutamine, 
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50 ug/ml penicillin, 50 ug/ml streptomycin, and 5% fetal bovine serum 
(FBS) at 37 °C ina 5% COs incubator. LLC-MK2 cells were further used 
to perform antiviral assays and examine antiviral mechanism. Human 
airway Calu-3 cells were cultured in MEM supplemented 10% FBS and 
antibiotics mentioned above, maintained at the 80-90% confluent, and 
then also used to confirm the antiviral activity of indicated phenolic 
acid constituents. 


2.2. Preparation of Sambucusformosana Nakai stem ethanol extract 


Dried stems of Sambucus Formosana Nakai (Supplemental Fig. 1A) 
were purchased from the medicinal herb pharmacy in Taichung, and 
identified as described in Flora of Taiwan (Yang and Chiu, 1998). Dried 
stem slices (Supplemental Fig. 1B) were soaked in 95% ethanol with the 
sonication for 2h; the stem ethanol extract was filtered by Whatman 
No. 1 paper, then lyophilized in an IWAKI FDR-50P freeze dryer, as 
described in our previous study (Wang et al., 2012). The powder of 
Sambucus Formosana Nakai stem ethanol extract was kept in the sterile 
bottle; the stock solution of 10 mg/ml in dimethyl sulfoxide was pre- 
pared and stored in — 20°C freezer and the test solutions of the stem 
extract were diluted by the media. The phenolic acid constituents such 
caffeic acid, chlorogenic acid, coumaric acid, ferulic acid, and gallic 
acid, were purchased from Sigma-Aldrich company. 


2.3. Cell viability assay 


LLC-MK2 cells (3 x 10* cells/well) were cultured in the 96-well 
plates overnight, quintuplicate treated with Sambucus Formosana Nakai 
stem ethanol extract or its phenolic acid constituents (caffeic acid, 
chlorogenic acid, coumaric acid, ferulic acid, and gallic acid) for 2 days, 
and then incubated with 0.5mg/ml 3-(4,5-Dimethylthiazol-2-yl)-2,5- 
diphenyltetrazolium bromide (MTT) for additional 4h. After the cell 
lysis by isopropanol, yielding absorbance (ODs70-630) at the wavelength 
of 570 nm and 630 nm was assessed using a micro-ELISA reader. Cell 
viability (%) and cytotoxic concentration showing 50% toxic effect 
(CCs59) were subsequently determined, as previously described (Wang 
et al., 2012). 


2.4. Cytopathic effect (CPE) reduction, cell cycle, and virus yield 


LLC-MK2 cells (3 x 10° cells/well) were cultured in the 6-well 
plates overnight, and then infected by 3 x 10* pfu (plaque formation 
unit) HCoV-NL63, representing as a MOI (multiplicity of infection) of 
0.1 to significantly induce viral cytopathic effect (CPE) in LLC-MK2. 
The cells were simultaneously added with HCoV NL63, and treated with 
Sambucus Formosana Nakai stem ethanol extract at the concentrations of 
0, 1, 10, and 50 ug/ml or the phenolic acid constituents at the con- 
centrations of 0, 10, 50, and 100 uM, respectively. After the 36-h in- 
cubation at 37°C and 5% COs, HCoV NL63-induced cytopathic effect 
(CPE) with cell swelling, rounding, vacuoles, and eventual detachment 
was photographed using microscope, in which vacuoles in CPE from 
HCoV NL63-infected LLC-MK2 cells were more predominant at 37 °C 
(Lednicky et al., 2013). In the cell cycle assay, the cells were harvested 
36h post infection, stained with propidium iodide, and then examined 
using flow cytometry, as described in our prior study (Wang et al., 
2018). To determine the production of progeny virions (virus yield 
assay), the cultured media were collected for determined the virus titers 
using plaque assay. LLC-MK2 cell monolayer in the well of 6-well plates 
was added with 100ul of serial 10-fold dilutions of above cultured 
media. After a 1-h incubation, the cell monolayer was overlaid by the 
medium containing 0.75% agarose (3 ml per well) for 2-day incubation 
at 37 °C in a CO incubator to allow the plaque formation. Finally, the 
cell monolayer was stained with the solution of naphthol blue-black dye 
and plaque number calculated. Fifty percent (50%) inhibitory con- 
centration (ICs) for virus yield reduction by the stem ethanol extract 
and the phenolic acid constituents was determined. 
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Table 1 
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Cytotoxicity and anti-HCoV-NL63 activity of Sambucus Formosana Nakai stem ethanol extract and the phenolic acid constituents. 


Cytotoxicity (CCs0) 


Stem ethanol extract 180.62 + 63.04 ug/mL 


Caffeic acid > 500 uM 
Chlorogenic acid > 500 uM 
Gallic acid > 500 uM 


2.5. Plaque formation inhibition, virucidal activity, and attachment 
reduction assays 


In the plaque formation inhibition assays, LLC-MK2 cell monolayer 
cultured in 6-well plates were infected with 200 pfu of HCoV-NL63 that 
were the maximum number of plaques counted in the well of 6-well 
plates. After the addition with HCoV NL63, the cells were immediately 
treated with the ethanol extract at the concentrations of 0, 1, 5, and 
10 ug/ml, caffeic acid and chlorogenic acid at the concentrations of 0, 
10, 50, and 100 uM, respectively. After a 1-h incubation at 37 “Cin a 5% 
CO, incubator, the mixtures were removed from the wells; the cell 
monolayer was cultured with the medium containing 0.75% agarose 
and performed by the plaque assay mentioned above. In the virucidal 
assay, HCoV-NL63 (2 x 10° pfu) was added into in the Eppendorf tube 
and directly treated with the ethanol extract, caffeic acid, or chloro- 
genic acid for 1h at 37°C. For minimizing the antiviral effect of in- 
dicated agents in the cells, 100 ul (near 200 pfu HCoV-NL63) of the 
10000-fold dilution from the mixtures of virus and the extract or phe- 
nolic acids was added to the MK2 cell monolayer in the 6-well plate to 
determining the residual viral infectivity using the plaque assay de- 
scribed above. Virucidal activity was calculated based on the compar- 
ison of the residual infectivity of HCoV-NL63 in the treated groups with 
the un-treated group. In the HCoV-NL63 attachment assay, LLC-MK2 
cell monolayer in 6-well plate was placed at 4°C for 1h, infected with 
HCoV-NL63 (200 pfu), and then immediately added with the ethanol 
extract, caffeic acid or chlorogenic acid. After an additional 1-h in- 
cubation at 4°C, the mixture of virus and the extract or phenolic acids 
was removed from the well; the cell monolayer was overlaid with MEM 
medium containing0.75% agarose at 37 °C in a 5% COz incubator, and 
then executed by plaque assay, as mentioned above. The attachment 
inhibition was analyzed according to the ratio of the plaque number in 
treated groups to the un-treated group. 


2.6. Inhibitory effect of caffeic acid on viral infectivity in human airway 
epithelial cells using immunofluorescent staining 


To measure the inhibitory activity of caffeic acid on the replication 
of HCoV-NL63 in human airway epithelial cells, Calu-3 cells 
(1 x 10° cells/well) were cultured in the 6-well plates overnight, and 
then infected by 5 x 10° pfu HCoV-NL63 (MOI = 0.05). After the ad- 
dition of HCoV NL63, the cells were simultaneously treated with caffeic 
acid at the concentrations of 0, 10, and 50uM. After the 36-h incuba- 
tion at 32 °C ina 5% COz incubator, swelling, rounding, and eventual 
de-attachment in HCoV-NL63-induced CPE were more predominant at 
32°C (Lednicky et al., 2013), and then the images were recorded by 
microscope. Subsequently, the cells were fixed with 4% paraformalde- 
hyde solution in PBS for 30min, incubated with the quench buffer 
(50 mM NH,CI) for 15 min, permeabilized and blocked using the cell 
perforation and blocking solution containing 1% albumin bovine (Af- 
fymetrix) plus triton X-100 (ThermoFisher) for 4h at 4°C, and then 
reacted with HCoV-NL63-immunized sera in 1% BSA (1:2000) over- 
night at 4°C and secondary antibody Alexa Fluor anti-mouse IgG in 1% 
BSA (1:3000) for 1h at 4°C (ThermoFisher). After staining with 4’,6- 
diamidino-2-phenylindole (DAPI, ThermoFisher) 20 min at room tem- 
perature, the images of mock, infected, and infected/treated cells were 
photographed using fluorescent microscopy. The infectivity was 


Virus yield (ICs 9) 


1.17 + 0.75 ug/mL 
3.54 + 0.77 uM 
43.45 + 6.01 uM 
71.48 + 18.40uM - - 


Plaque formation (ICs5o) Virus attachment (ICs) 


4.67 + 1.21 pg/mL 15.75 + 6.65ug/mL 
5.40 + 1.20uM 8.10 + 0.05uM 
44.38 + 3.64uM Z 


represented as the ratio of red fluorescent signals (HCoV-NL63-positive 
cells) to blue fluorescent signals (total nucleuses) was calculated by 
Image J. 


2.7. Statistical analysis 


The p value was calculated based ANOVA using SPSS program and 
Student t-test with the data from three independent experiments. When 
the p value was less than 0.05, the result of the assay was statistically 
significant. 


3. Results 


3.1. Antiviral activity of Sambucusformosana Nakai stem ethanol extract 
against HCoV-NL63 


Sambucus Formosana Nakai stem ethanol extract had a low cyto- 
toxicity with a CCsq value of 180.62ug/ml to LLC-MK2 cells 
(Supplemental Fig. 2, Table 1). Subsequently, anti-HCoV-NL63 ability 
of the stem ethanol extract was assessed with cytopathicity, cell cycle 
and virus yield assays (Figs. 1 and 2). Sambucus Formosana Nakai ex- 
tract concentration-dependently reduced cytopathicity in HCoV-NL63 
infected cells (Fig. 1A), in which vacuolation in infected cells at 37 °C 
appeared more predominantly, as described in the prior report 
(Lednicky et al., 2013). The extract also significantly decreased the sub- 
G1 fraction in infected cells (Fig. 1B). In addition, Sambucus For- 
mosanaNakai extract inhibited the in vitro production of progeny 
HCoV-NL63 by concentration-dependent manners. The plaque assay 
indicated that the IC59 value of Sambucus FormosanaNakai extract on 
the virus yield was 1.17 ug/ml (Fig. 2). Remarkably, the results de- 
monstrated that Sambucus FormosanaNakai stem ethanol extract served 
the significantly antiviral activity against HCoV-NL63. 


3.2. Inhibitory effect of Sambucusformosana Nakai extract on the viral 
plaque formation and attachment 


To discover the inhibitory action of Sambucus FormosanaNakai ex- 
tract on stages of HCoV-NL63 replication, plaque formation, virucidal 
activity, and virus attachment assays were performed using the plaque 
assays (Fig. 3, Table 1). Sambucus FormosanaNakai extract meaningfully 
inhibited the plaque formation with an ICsg value of 4.67 ug/ml 
(Fig. 3A). In the virucidal assay, Sambucus FormosanaNakai extract at 1, 
5, and 10 ug/ml had a slight virucidal activity with lower than 50% 
inhibition to interfere with the HCoV-NL63 particle infectivity com- 
pared to the mock control (Fig. 3B). In the virus attachment assay, 
Sambucus FormosanaNakai extract concentration-dependently reduced 
the HCoV-NL63 attachment onto LLC-MK2 cell monolayer in 6-well 
plates incubated at 4°C, which result demonstrated that the ethanol 
extract had a influentially inhibitory effect on HCoV-NL63 attachment 
with an ICs9 value of 15.75 ug/ml (Fig. 3C). The results demonstrated 
that Sambucus FormosanaNakai extract specifically suppressed the viral 
plaque formation and virus attachment during HCoV-NL63 replication. 


3.3. Anti-HCoV-NL63 activity of the phenolic acid constituents 


The phenolic acid constituents were rich in the extract of Sambucus 
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Fig. 1. Inhibitory effects of Sambucus Formosana Nakai extract on viral cytopathicity and Sub-G1 fraction in HCoV-NL63 infected cells. HCoV-NL63 at MOI 
of 0.1 was mixed with the extract, and immediately added to LLC-MK-2 cell culture. Virus-induced cytopathic effect was photographed 36h post-infection by 
microscopy (A). Infected cells in the presence or absence of the extract were harvested 36 hpi, stained using propidium iodide, and then examined using flow 
cytometry. The flow cytometry histograms (top) and the percentage of sub-G1 phase (bottom) in HCoV-NL63 infected cells was displayed (B). **, p value < 0.01 


compared with mock-treated infected cells. 


FormosanaNakai and Sambucus australis, and the presence of chloro- 
genic acid, caffeic acid, coumaric acid and ferulaic acid was identified 
as the major compounds using LC-MS/MS analyses (Benevides Bahiense 
et al., 2017; Zhang et al., 2010). Subsequently, caffeic acid, chlorogenic 
acid, coumaric acid, ferulic acid, and gallic acid represented the key 
phenolic acid constituents in the ethanol stem extract of Sambucus 
FormosanaNakai, as further assessed the cytotoxicity to LLC-MK2 cells 
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and the antiviral activity against HCOV-NL63 (Supplemental Figs. 2 and 
4). The markers of phenolic acid constituents in Sambucus Formosana 
Nakai extract were less cytotoxic to LLC-MK2 cells, in which CCs9 va- 
lues of caffeic acid, chlorogenic acid, and gallic acid were greater than 
500 uM (Supplemental Fig. 2, Table 1). In the inhibitory assay of HCoV- 
NL63 induced cytopathic effect, caffeic acid, chlorogenic acid, and 
gallic acid, but not coumaric acid and ferulic acid, diminished the 


Fig. 2. Reduction of HCoV-NL63 yield in MK-2 cells 
by Sambucus Formosana Nakai extract. Supernatant 
of HCoV-NL63-infected cells in the presence or ab- 
sence of the extract was harvested 36 hpi and HCoV- 
NL63 yield in the supernatant was determined by 
plaque assay (A). The rate of virus yield reduction was 
oe calculated based on the ratio of loss particle number to 
mock-treated group (B). **, p value < 0.01. compared 
with mock-treated infected cells. 
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Fig. 3. Effects of Sambucus Formosana Nakai 
extract on plaque formation, virucidal ac- 
tivity and virus attachment. MK-2 cell 
monolayer was infected with HCoV-NL63, si- 
multaneously treated with the extract for 1h, 
and then covered with the agarose overlay 
medium. After 3-day incubation at 37°C in a 
CO, incubator, plaques were determined after 
crystal violet staining. The inhibitory activity 
of the extract on the plaque formation was 
according to on the ratio of loss plaque number 
to mock-treated group (A). In the virucidal 
assay, the extract was mixed with HCoV-NL63 
(10° pfu), then incubated at 37°C for 1h. The 
extract/virus mixture was diluted by 1000-fold 
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— 
oO 
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dilution and examined for the residual infectivity by plaque assay (B). In the attachment assay, HCoV-NL63 was mixed with the extract, then immediately added onto 
MK2 cell monolayer for 1h at 4°C. After washing, the cell monolayer was overlaid with 0.75% agarose medium for 3 days at 37 °C in CO2 incubator. Attachment 
inhibition was determined based on the residual plaques (C). *, p value < 0.05; **, p value < 0.01 compared with mock-treated cells. 
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Fig. 4. Inhibitory effects of the phenolic acid constituents on viral cytopathicity and virus yield in HCoV-NL63 infected cells. HCoV-NL63 at MOI of 0.1 was 
added to LLC-MK-2 cell culture and then immediately treated with the phenolic acid constituents. Virus-induced cytopathic effect was photographed 36h post- 
infection by microscopy (A). Supernatant of HCoV-NL63-infected/treated cells was harvested 36 hpi; virus yield in supernatant was determined plaque assay. The 
rate of virus yield reduction was calculated based on the ratio of loss particle number to mock-treated group (B). CA, caffeic acid; CH, chlorogenic acid; CO, coumaric 
acid; FE, ferulic acid; GA, gallic acid. **, p value < 0.01, ***, p value < 0.001 compared with mock-treated infected cells. 


cytopathicity in the infected cells (Fig. 4A). The antiviral activity of the 
phenolic acid constituents in the in vitro production of HCoV-NL63 was 
ranked in the following order of virus yield reduction: caffeic acid 
(C59 = 3.54uM) > chlorogenic acid (Cs9 = 43.45 uM) > coumaric 
acid (ICs59 = 71.48 uM) (Fig. 4B, Table 1). The results verified that the 
phenolic acid constituents, like caffeic acid, chlorogenic acid, and gallic 
acid exhibited the prominent antiviral activity against HCoV-NL63, as 
potential anti-HCoV-NL63 components in the Sambucus  For- 
mosanaNakai extract. 


3.4. Caffeic acid, a phenolic acid constituent in Sambucus spp., potently 
inhibits HCoV-NL63 attachment onto cells 


To examine the antiviral mechanism of caffeic acid and chlorogenic 
acid against HCoV-NL63, the assays of plaque formation, virucidal ac- 
tivity and virus attachment were subsequently performed (Fig. 5, 
Table 1). Caffeic acid had a stronger inhibitory activity on the plaque 
formation than chlorogenic acid, in which the IC50 values on the 
plaque formation were 5.4uM for caffeic acid and 44.38uM for 
chlorogenic acid, respectively (Fig. 5). Caffeic acid, but not chlorogenic 
acid, concentration-dependently served the _ virucidal activity 
(ICs59 = 91.3uM) and powerfully reduced HCoV-NL63 attachment to 
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Fig. 6. Inhibition of HCoV-NL63 infectivity in human airway epithelial cells by caffeic acid. Calu-3 cells were infected with HCoV-NL63 at a MOI of 0.05 and 
immediately treated with caffeic acid for 36h at 32°C. Images of virus-induced CPE effect were photographed by a light microscope (A, top). In addition, mock, 
infected, and infected/treated cells were performed using immunofluorescence staining anti-HCoV-NL63 immunized sera and secondary antibody Alexa Fluor anti- 
mouse IgG (A, middle); total cells were stained with DAPI (A, bottom). Infectivity was determined according to the ratio of HCoV-NL63-positive cells to total cells (B). 
** p value < 0.01; ***, p value < 0.001 compared with un-treated infected cells. 


the cell surface (ICso of 8.1 UM), respectively (Fig. 5). In addition, in- 
fectivity inhibition assay with human airway epithelia Calu-3 cells was 
performed when HCoV-NL63-infected cells with a MOI of 0.05 were 
treated with 10 and 50 uM caffeic acid after a 36-h incubation at 32 °C. 
Microscopic photography indicated that swelling and rounding were 
observed in HCoV-NL63-infected Calu-3 cells (Fig. 6A, top), as de- 
scribed in the previous study (Lednicky et al., 2013). Caffeic acid at 10 
and 50uM significantly lessening viral CPE (Fig. 6A, top). Immuno- 
fluorescent staining demonstrated that caffeic acid concentration-de- 
pendently reduced HCoV-NL63 infectivity determined according to the 
ratio of HCoV-NL63-positive cells to total cells stained with DAPI 
(Fig. 6A, middle and bottom). The inhibitory assay with immuno- 
fluorescent staining on HCoV-NL63 infectivity indicated that caffeic 
acid had a potent antiviral activity against the replication of HCoV- 
NL63 in Calu-3 cells (C55 = 0.2 + 0.1 uM) (Fig. 6B). The results 


revealed that caffeic acid displayed the potent anti-HCoV-NL63 activity 
in a cell-type independent manner, specifically inhibiting on the at- 
tachment stage of HCoV-NL63 replication. 


4. Discussion 


This study was the first report on the antiviral efficacy of Sambucus 
FormosanaNakai extract and its related phenolic acid constituents 
against HCoV-NL63. Sambucus FormosanaNakai extract exhibited the 
low cytotoxicity and markedly decreased cytopathic effect and sub-G1 
arrest in HCoV-NL63-infected cells, in which was associated with the 
virus yield reduction in a concentration-dependent manner (Figs. 1 and 
2, Table 1). Moreover, Sambucus FormosanaNakai extract showed the 
potent antiviral activity against HCOV-NL63 with the IC50 values in low 
microg/ml ranges, such ICsg of 1.17 ug/ml for virus yield, ICs of 
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4.67 ug/ml for plaque formation, and ICs9 of 15.75 ug/ml for virus at- 
tachment. The results were consistent with the previous reports in that 
Sambucus spp., such Sambucus nigra L. served the antiviral properties 
against influenza A and B viruses, and the herpes simplex virus typel 
(Krawitz et al., 2011; Serkedjieva et al., 1990; Zakay-Rones et al., 
1995). In addition, Sambucus juice was the key recipe for the "Virus 
Blocking Factor" that processed the in-vitro antiviral activity against 
many respiratory viral infections, including influenza A H1N1, rhino- 
virus B subtype 14, respiratory syncytial virus, parainfluenzavirus 
subtype 3, and adenovirus C subtype 5 (Fal et al., 2016). Sambucus nigra 
L. has been recognized as was a potentially safer alternative to treat 
upper respiratory symptoms, such common cold and influenza (Haw- 
kins et al., 2019). Thus, Sambucus FormosanaNakai might be the alter- 
native medicinal herb for caring the respiratory viral infections, espe- 
cially coronavirus-associated common cold. 

Among six phenolic acid constituents in the Sambucus 
FormosanaNakai extract, caffeic acid had the highest anti-HCoV-NL63 
potency with the inhibitory effect on the virus yields (IC50 = 3.54 uM), 
plaque formation (IC50=5.40uM), and _ virus attachment 
(IC50 = 8.10 uM) (Figs. 4 and 5, Table 1). Caffeic acid has also been 
demonstrated the antiviral activity against HCoV-NL63 in a cell-type 
independent manner (Fig. 6). In addition, chlorogenic acid and gallic 
acid exhibited antiviral activity against HCoV-NL63 (Figs. 4 and 5, 
Table 1). The IC50 value on the inhibition of virus yield was 43.45 uM 
for chlorogenic acid, and 71.48 uM for gallic acid, respectively. The 
phenolic acid constituents have been identified as the major compo- 
nents in the Sambucus FormosanaNakai extract and Sambucus australis 
by LC-MS/MS analyses (Benevides Bahiense et al., 2017; Zhang et al., 
2010), therefore caffeic acid, chlorogenic acid and gallic acid might be 
the key components with anti-HCoV-NL63 activity in the Sambucus 
FormosanaNakai extract. 

Caffeic acid has been reported to process the antiviral activity 
against hepatitis B and C viruses, influenza A virus, and herpes simplex 
virus (Wang et al., 2019; Shen et al., 2018; Tanida et al., 2015; 
Utsunomiya et al., 2014; Ikeda et al., 2011; Langland et al., 2018). 
Caffeic acid reduced the production of hepatitis C virus in vitro via the 
initial stage of viral replication (Tanida et al., 2015). The antiviral 
mechanism of caffeic acid against hepatitis C virus was also associated 
with the activation of p62-mediated Keap1/Nrf2 signaling pathway for 
the HO-1-dependent production of interferon a, which significantly 
suppressed the replication of hepatitis C virus (Shen et al., 2018). 
Caffeic acid markedly decreased the virus yield and cytopathic effect in 
influenza A virus-infected cells, particular during the period within 3h 
post-infection, suggesting that caffeic acid works at the early stages of 
influenza A virus infection (Utsunomiya et al., 2014). In addition, caf- 
feic acid had no virucidal effect, but significantly affected the produc- 
tion of progeny herpes simplex virus and the binding attachment to the 
heparan sulfate proteoglycans on cell surface (Ikeda et al., 2011; 
Langland et al., 2018). Interestingly, HCoV-NL63 has been demon- 
strated to utilize the heparan sulfate proteoglycans as the co-receptor 
for attachment to target cells (Milewska et al., 2014). Caffeic acid has 
also been identified to exhibit a high inhibitory effect on the enzymatic 
activity of angiotensin converting enzyme (ACE) (Chiou et al., 2017); 
docking studies revealed that caffeic acid also presented the good 
docking score with the hydrogen bond interactions with the residues in 
the activity site of ACE2 (Zozimus Divya Lobo et al., 2017). Thus, the 
inhibitory mechanism of caffeic acid on HCoV-NL63 attachment and 
infection to cells might be due to that caffeic acid directly target and 
interfere the binding interaction of HCoV-NL63 with heparan sulfate 
proteoglycans (co-receptor) and ACE2 (receptor) on cell surface. 

Chlorogenic acid and gallic acid have also been demonstrated to 
suppress the in vitro and in vivo replication of influenza A virus, en- 
terovirus 71 and hepatitis B and C viruses (Ding et al., 2017; Li et al., 
2013; Wang et al., 2009; You et al., 2018; Govea-Salas et al., 2016). 
Chlorogenic acid specifically inhibited the neuraminidase activity of 
influenza A viruses H1N1 and H3N2 that was the crucial mechanism of 
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chlorogenic acid for blocking the release of progeny virions from in- 
fected cells (Ding et al., 2017). Gallic acid served the antioxidant ca- 
pacity that linked with down-regulating the genomic RNA and proteins 
expression of hepatitis C virus (Govea-Salas et al., 2016). Therefore, the 
phenolic acid constituents of Sambucus Formosana Nakai extract, like 
caffeic acid, chlorogenic acid and gallic acid, play the key antiviral 
components against HCoV-NL63 and the other viruses. 

The study demonstrated the potent anti-HCoV-NL-63 activity of 
Sambucus FormosanaNakai extract through the significant reduction of 
virus yield, plaque formation and virus attachment. Caffeic acid, 
chlorogenic acid and gallic acid were reported as the phenolic acid 
constituents in the Sambucus FormosanaNakai extract, exhibiting the 
antiviral capacity with reducing the production of progeny HCoV-NL63 
particles in vitro. Moreover, caffeic acid plays the important component 
with antiviral activity, as suggested to influence the binding of HCoV- 
NL63 to the co-receptors (such heparan sulfate proteoglycans) and re- 
ceptor (ACE2). Like Sambucus nigra L., Sambucus FormosanaNakai might 
process the antiviral features against the broad spectrum of human 
respiratory coronaviruses, as useful for developing the antiviral agents 
in the future. 
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